DeHoff ME, Clark KL, Meganathan K. Learning outcomes and student-perceived value of clay modeling and cat dissection in undergraduate human anatomy and physiology. Adv Physiol Educ 35: 68 -75, 2011; doi:10.1152/advan.00094.2010.-Alternatives and/or supplements to animal dissection are being explored by educators of human anatomy at different academic levels. Clay modeling is one such alternative that provides a kinesthetic, three-dimensional, constructive, and sensory approach to learning human anatomy. The present study compared two laboratory techniques, clay modeling of human anatomy and dissection of preserved cat specimens, in the instruction of muscles, peripheral nerves, and blood vessels. Specifically, we examined the effect of each technique on student performance on low-order and high-order questions related to each body system as well as the student-perceived value of each technique. Students who modeled anatomic structures in clay scored significantly higher on low-order questions related to peripheral nerves; scores were comparable between groups for high-order questions on peripheral nerves and for questions on muscles and blood vessels. Likertscale surveys were used to measure student responses to statements about each laboratory technique. A significantly greater percentage of students in the clay modeling group "agreed" or "strongly agreed" with positive statements about their respective technique. These results indicate that clay modeling and cat dissection are equally effective in achieving student learning outcomes for certain systems in undergraduate human anatomy. Furthermore, clay modeling appears to be the preferred technique based on students' subjective perceptions of value to their learning experience.
THE USE OF animal dissection and human cadavers in anatomy education elicits significant controversy and debate. As a result, research into alternative teaching tools in reaching similar learning and professional outcomes for students is being examined (2, 5, 6, 8, 12, 20, 28) . The present study examined the learning outcomes of two laboratory instruction techniques, human clay modeling and cat dissection, in an undergraduate human anatomy course and, in doing so, established the efficacy of clay modeling as a valid teaching method for human musculature, peripheral nerves, and blood vessels. Although in reports on this topic the term "alternatives" sometimes refers to activities meant to replace dissection, these activities can also supplement and enhance dissection (18, 19, 22, 29, 31) . It is not the intention of this report to propose any educational tool as a replacement for dissection or a "one size fits all" answer.
Modern anatomy and physiology curricula need to explore a variety of methods in effectively delivering curricular goals and meeting the expectations of students (1) . Research has shown that, for effective learning to take place, students must actively participate in the learning process (10, 25) . In recent years, there has been a move toward more active, rather than passive, learning in the classroom (32) . New pedagogical initiatives and advances in classroom technology have increased the use of more active learning experiences for various topics in multiple science curricula (2, 5, 6, 8, 11, 17, 20, 23, 24) . Hands-on activities can provide active learning as well as other advantages in the college classroom. For students that struggle to understand the vocabulary particular to anatomy, such as that found in the textbook (14) , these types of activities allow them to redefine these structures in their own words. These hands-on activities also engage students that may have little background understanding of the topics (12) .
There is evidence to support the use of both dissection and its alternatives in education. De Villiers and Monk (7) reviewed the history of both dissection and alternatives and discussed evidence in support of both as effective tools in teaching anatomy. Dissection offers a learning experience that engages multiple senses, allows for tactile manipulation and three-dimensional interaction with the specimen, and can also be a necessary tool for teaching instrument techniques (7) . Rizzolo and Stewart (27) emphasized the three-dimensional nature of dissection and its benefits of teaching spatial reasoning related to anatomy. Virtual and simulated anatomy/dissection software appeals to the technological mindset of today's students. This tool may also serve to make anatomy more "attractive" to the learning experience. Although, as Rizzolo and Stewart (27) stated, no matter how realistic and three dimensional the images may seem, they are indeed two dimensional. The tactile element is also missing from this approach. Balcombe (3) presented numerous pedagogical experiments in which alternatives were compared with dissection and were, in his interpretation, equally or more effective in conveying knowledge. In his response, Valli (30) agreed that alternatives may be sufficient in reaching learning objectives at the high school and undergraduate level but argued that dissection provides a necessary exposure to the textures of tissues, odors, and appearance of animal specimens as a preparation for careers in medicine and veterinary medicine. However, even in preparation for these careers, alternatives can be used to develop surgical and tissue-handling skills. These alternatives include soft plastic and/or foam models and even chicken breasts (3, 30) . Although dissection does provide a threedimensional, hands-on activity for students, it is a destructive process rather than a constructive process. That is, the process destroys many of the structures of the specimen to get to deeper structures, reducing their efficacy for use in understanding spatial relationships (3) . We compared the use of clay modeling as a supplementary method because it maintains the same three-dimensional aspect of instruction as dissection but also provides a constructive process.
Several studies have examined alternatives to dissection that specifically provide students with a three-dimensional, hands-on experience. For example, McMenamin (15) , in a descriptive article, reported the benefits and student enjoyment of body painting as an addition to the curriculum in clinical anatomy. Krontiris-Litowitz (12) demonstrated that use of modeling clay by students to build neurons, synapses, and ion channels led to significantly better quiz scores compared with students who did not use modeling clay. In a follow-up study, Krontiris-Litowitz (13) assessed the use of "manipulatives" (objects or tools that can be manipulated by hand to improve conceptual understanding and critical thinking) among undergraduate and graduate neuroanatomy and neurophysiology students. She found that use of a "spine board," a magnetic display of the spine and brain, was effective in improving students' critical-thinking skills in regard to spinal tracts and their functions (13) . Manipulative activities address a spectrum of learning styles, appealing to visual, auditory, and kinesthetic learners (28) . A previous study (4) has indicated that healthcare professional students, like those found in anatomy and physiology, often prefer these types of multimodal learning strategies.
Clay modeling provides an interesting approach to learning anatomy and is a technique that has been examined in recent studies. Oh et al. (21) used clay modeling to enhance medical students' understanding of cross-sectional anatomy. Using colored clay, students prepared models of various organs/organ systems and bones, cut the models in sections, and then compared those sections with CT and MR images. CT examination scores were significantly higher among students who participated in clay modeling versus those who did not; this significant difference was lost when the exams were repeated 6 mo later (21) . The use of Manikens systems (high-quality plastic human skeletons by Zahourek Systems, used in the present study) for clay modeling has recently been examined for its efficacy in teaching undergraduate anatomy. Waters et al. (31) performed a study comparing learning of the muscular, digestive, and cardiovascular systems among undergraduate students who used cat dissection versus those who built anatomic structures in clay using Manikens. They found that students who built structures in clay scored significantly higher when answering both low-order questions (structure identification) and high-order questions (application of knowledge to new situations) (31) . Motoike et al. (18) performed a similar study at the community college level, comparing learning of the muscular system among students who sculpted human muscles in clay versus those who used cat dissection to learn muscles. They found that students in the clay group were significantly better at low-order identification of human muscles on human models than students in the dissection group; however, there was no difference between groups when higherorder type questions were used, i.e., muscle origins/insertions and actions (18) . Studies (19, 31) have suggested that clay modeling can provide an effective supplement to traditional lecture-based teaching and may be more engaging for students than preserved specimen dissection.
The present study examined the muscular system, similar to the studies by Waters (31) and Motoike (18) , but also included peripheral nerves and blood vessels, which were not part of any previous studies. In the present study, we asked whether there was a measurable difference in learning outcomes based on low-and high-order questions on human anatomy among students who sculpt human anatomic structures from clay versus those who dissected and identified anatomic structures on preserved cat specimens. Suggested within this question was the idea that students who are dissecting cat specimens are required to transfer their knowledge of cat anatomy to human anatomy. An additional question asked whether there was a measurable difference between the student-perceived value of human clay modeling versus cat dissection to their learning experience. Although Waters et al. (31) also surveyed students after their exposure to cat dissection and clay modeling, the content of the surveys we administered differed significantly (see METHODS) . One aspect lacking in the survey of student perspectives by Waters et al. (31) was that students who sculpted anatomic structures in clay were not surveyed again after they had also been exposed to cat dissection at the end of their course. In the present study, both treatment groups had an exposure to cat specimens before being surveyed on the value of their particular method of laboratory instruction (cat vs. clay) because both groups participated in the initial skinning of the cats before muscle dissection.
METHODS
Course description. This study took place during the 2008 -2009 academic year in each of a series of three undergraduate anatomy and physiology courses (A&P I, A&P II, and A&P III) at the University of Cincinnati Clermont College. The protocol for this study was reviewed and approved by the University of Cincinnati Institutional Review Board for human subjects research. Although additional material was covered in each of the courses, our study focused on the learning of musculature during A&P I, peripheral nerves during A&P II, and major arteries and veins during A&P III. Participants were those students enrolled in these courses who were 18 yr old or older and who also gave their consent. The majority of the participants were in the Nursing Program, followed by other Allied Health fields. Students were highly cautioned against proceeding to A&P II and A&P III without successfully passing (grade of C or better) the prior course; however, there was no method of blocking registration for those who did not pass or of preventing students from taking the courses out of sequence. Each course consisted of 2 sections, and 20 students were allowed to enroll in each section. Throughout a quarter, this number varied based on unpredictable factors such as enrollment or withdrawal from the course. Each course was one quarter (10 wk) and consisted of both lecture and laboratory components. Students were combined during lecture; however, laboratories divided students according to section.
This study included 110 participants, some of whom participated in all three anatomy and physiology courses and others in one or two of those courses. Of these students, 29 students (26%) participated in all 3 courses, 25 students (23%) participated in 2 courses, and 56 students (51%) participated in only 1 course.
Experimental design. Each author (K. L. Clark and M. E. DeHoff) was the sole instructor of their lectures and laboratories. Instruction for chosen units was planned by the authors so that they were identical in content delivered. Likewise, the time on task for instruction and laboratory activities was the same for both treatment groups for a given unit. The units chosen for this study were selected because they were among the existing cat dissection protocols in use at our college and were relatively simple systems for human clay modeling, a benefit for students with no experience in this technique.
Treatment groups (clay or cat) were determined by laboratory section enrollment. Participants received instruction on chosen units in each course and were then exposed to one of two laboratory instruction techniques: clay modeling of muscles/nerves/blood vessels on human plastic skeletons (Manikens, Zahourek Systems) or dissection and identification of muscles/nerves/blood vessels using preserved cat specimens. The same Manikens systems were used by Waters et al. (31) and Motoike et al. (18) in their studies. All students participated in the initial skinning of the cat in A&P I. This provided all students with an exposure to cat specimens and was the moment when most students began forming opinions about its value to their educational experience. This also allowed students in the clay group to have some exposure to dissection techniques, something they would need in future laboratories related to other body systems throughout the anatomy and physiology sequence. The laboratory after the cat skinning began either clay modeling or dissection of muscles.
Each laboratory section in the cat group received a sufficient number of preserved cats (Fisher Scientific) so that two students dissected each cat. Three students were assigned to a cat only in the case of an odd enrollment number. Each student received dissection tools and was encouraged to actively participate. After the instructor's demonstration of proper dissection techniques, students worked independently with instructor supervision and guidance as needed. Previously written protocols (9) provided students with muscles to be identified on the torso, upper limb, and lower limb as well as instructions on their dissection. During the laboratory, students visualized dissected cat muscles using dissection manuals as well as labeled images of dissected cats shown on an overhead projector screen. These same images were available to all students online through the course's website (9) . Students were also encouraged to examine human plastic models of the muscular system and diagrams in their textbook; however, the majority of the laboratory time focused on cat dissection. Whenever possible, the same students dissected the same cats in all subsequent courses. Thus, the same procedures and available resources were used during dissection of the peripheral nerves in A&P II and blood vessels in A&P III.
Each laboratory section in the clay group received a sufficient number of Manikens such that there were two students per skeleton, with each student having their own half-skeleton, stand, clay, and tools to build anatomic structures independently. Students received a list of muscles of the torso, upper limb, and lower limb to build in order from deep to superficial. The instructor demonstrated techniques and guided students through the use of clay and tools in building each muscle. Simultaneously, isolated human muscles and their actions were demonstrated on an overhead projector screen using a virtual program via the textbook's website (22). Students also used their textbook diagrams as a resource while building. Similar to the cat group, students were also encouraged to examine human plastic models of the muscular system. Whenever possible, the same students participated in clay modeling of the peripheral nerves in A&P II and blood vessels in A&P III, using the same procedures and available resources.
Evaluation of learning outcomes. After instruction and laboratory activities on each unit, participants were administered exams with identical sets of both low-and high-order questions. Examinations were given during the lecture component of each course. Before examinations covering the experimental laboratory techniques in each course, students had been tested on other material. These preexperiment scores were used to establish the baseline test scores for each of the groups in each course. The overall course score, which included the preexperiment score as well as the experimental scores, was also used in a similar manner. The preexperiment and experimental scores comprised slightly different percentages of the overall course score in each instructor's class due to the different instructors having different total point values for their course. Percentages were as follows (preexperiment and experimental): 13-14% and 8% in A&P I, 13-17% and 3.3-5% in A&P II, and 13% and 4% in A&P III. The use of preexperimental and overall scores to evaluate randomness was necessary because students self-selected to be in course sections (and thus treatment groups) according to their enrollment. Also, because of this self-selection process, it was possible for a student to be in the clay group for one course and the cat group the next, or vice versa.
Low-order questions for each experimental unit focused on the identification of human structures on diagrams and basic knowledge of functions (e.g., muscle actions and sensory/motor function associated with nerves). In the study by Motoike et al. (18) , questions on muscle actions were considered high order. This was due to the fact that muscle identification was the only requirement for the course involved in that study; thus, knowledge of muscle actions was deemed to represent "additional learning" (18) . In the present study, muscle actions were required learning in addition to identification/location. High-order questions required students to apply their knowledge of muscles, peripheral nerves, and blood vessels to novel situations related to human physiology. Similar to Waters et al. (31) , these novel situations had not been discussed in class, requiring students to apply knowledge to a different context. Sample low-and high-order questions are shown in Table 1 .
Student surveys. At the end of each course, Likert-scale surveys (ratings of 1-5) were administered. Each treatment group received similar survey questions with the wording adjusted to address cat dissection or clay modeling as well as the different experimental units covered (muscles, peripheral nerves, and blood vessels). Survey questions assessed attitudes, perceptions, and preferences of students as well as the techniques involved in clay modeling or dissecting, transferability to human anatomy, additional materials used in learning human anatomy (e.g., textbook and online materials), and preferences regarding future use of the activities in laboratories.
Statistical analyses. In each of the three courses, scores from an examination before those covering the experimental laboratory techniques as well as the overall scores for the courses were compared between the two groups using an independent-samples t-test to evaluate the random distribution of study participants to the two groups. Preexperiment and overall scores were recorded on a 100-point scale, and statistical significance was established using a significance level of two-sided P Յ 0.05.
For examinations involving material taught with the experimental laboratory techniques, the scores from low-and high-order questions were compared between the two groups using an independent-samples t-test to compare the effectiveness of cat dissection and clay modeling as laboratory techniques. Furthermore, within the cat dissection and clay modeling groups in the A&P II and A&P III courses, the effect of prior exposure to the corresponding laboratory technique was evaluated by comparing the low-order and high-order scores of students with and without exposure to the respective laboratory technique in a previous course(s). In the A&P II course, the low-order and high-order scores of students with and without exposure to the respective laboratory technique during A&P I were compared using an independent-samples t-test. Similarly, in the A&P III course, low-order and high-order scores of students with and without prior exposure to the respective laboratory technique during A&P I or A&P II were compared using an independent-samples t-test. Students who did not take A&P I and/or A&P II during the study period were classified as those with prior exposure to cat dissection or without exposure to clay modeling in the subsequent course since the study period involved the first instance of clay modeling being used as a laboratory technique in the college. Low-order and high-order scores were recorded on a 100-point scale, and statistical significance was established using a significance level of two-sided P Յ 0.05.
Attitudes, perceptions, and preferences of students toward the experimental laboratory techniques were evaluated from responses to the student surveys. The proportions of students responding "agree" or "strongly agree" to statements related to positive views/experiences/ perceptions about the respective laboratory technique in the five-point Likert scale survey were compared between the cat dissection and clay modeling groups using a 2 -test. Statistical significance for the 2 -test was established using a significance level of two-sided P Յ 0.05. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS

Control scores.
The randomness of treatment groups in each class was evaluated by a comparison of preexperiment and overall course scores for the two groups. Table 2 shows the results of such analyses for all three courses. Preexperiment scores from the cat dissection and clay modeling groups did not differ significantly in A&P I (mean ϭ 78.0 and 78.8, P ϭ 0.84) and A&P II (mean ϭ 74.3 and 73.4, P ϭ 0.84). Similarly, overall course scores from the two groups did not differ significantly in these two courses (mean ϭ 81.5 and 80.4, P ϭ 0.71, and mean ϭ 82.9 and 83.6, P ϭ 0.85, respectively). These results indicate the random allocation of students to the treatment groups in these two courses, in terms of their academic abilities before the experiment, and facilitate a comparison of the two laboratory techniques using low-order and high-order scores.
For the A&P III course, students using the cat dissection technique had significantly higher mean values than those of students using the clay modeling technique for the preexperiment score (mean ϭ 85.3 and 75.7, P Յ 0.01) as well as the overall course score (mean ϭ 85.5 and 78.4, P Յ 0.01), thereby indicating an uneven distribution of students to the treatment groups in this course, in terms of their academic abilities before the experiment. This phenomenon needs to be taken into consideration when assessing student performance using the experimental scores from the two treatment groups in this course.
Experimental scores. Table 2 also shows the results of the comparison of the two laboratory techniques using the low-order and high-order question scores. Low-order scores (mean ϭ 67.2 and 68.0, P ϭ 0.89) and high-order scores (mean ϭ 61.1 and 59.9, P ϭ 0.85) of students in the A&P I course, in which muscles were modeled, were comparable between the cat dissection and clay modeling groups. Whereas low-order scores (mean ϭ 61.0 and 77.3, P ϭ 0.02) of students in the A&P II course, in which peripheral nerves were modeled, were significantly lower in the cat dissection group than the clay modeling group, the differences in high-order scores (mean ϭ 57.9 and 70.8, P ϭ 0.10) were not statistically different. These results were close to statistical significance, and, thus, further research is needed for these groups. Neither the low-order scores (mean ϭ 73.2 and 63.9, P ϭ 0.06) nor the high-order scores (mean ϭ 81.2 and 74.1, P ϭ 0.08) of students in the A&P III course, in which blood vessels were modeled, differed significantly between the two treatment groups. Although not statistically significant, the low-order and high-order scores in A&P III were slightly higher for students in the cat dissection group compared with students in the clay modeling group. This difference likely corresponds to the higher preexperiment and overall course scores for the students in this treatment group and may confirm the uneven allocation of students, in terms of their preexperimental academic abilities.
Within each treatment group in A&P II and A&P III, the low-order and high-order scores were compared between students with and without prior exposure to the respective laboratory technique (see Table 3 ). Students who did not take A&P I and/or A&P II during the study period were classified as those with prior exposure to cat dissection or without exposure to clay modeling in the subsequent course. Among students using the cat dissection technique during both A&P I and A&P II, prior exposure to cat dissection did not significantly affect their test scores. Similarly, no difference was seen among students using the clay modeling technique in A&P I as well as in A&P II. The lack of statistically significant differences between the unexposed and previously exposed students for both laboratory techniques and in low-order as well as high-order results indicate that the efficacy of each technique was not affected by previous exposure to the respective technique in a prior class. These results suggest that both techniques are independently usable in each of the three courses.
Student surveys. Responses to seven positive statements about the laboratory techniques in the student surveys were analyzed to compare attitudes, perceptions, and preferences of students in each of the three courses (see Table 4 ). About 40% and 50% of respondents in the cat dissection and clay modeling groups found the initial cat skinning, done in A&P I, to be challenging. A consistently larger proportion of students from the clay modeling group compared with those from the cat dissection group agreed or strongly agreed with each positive statement about the respective laboratory technique.
Specifically, in the A&P I course, a significantly higher proportion of respondents from the clay modeling group stated that the laboratory technique was enjoyable, that the information learned during clay modeling was easily transferable to human anatomy, and that the technique made it easier to learn human muscles. Furthermore, 77% of the respondents from the clay modeling group versus 22% from the cat dissection group indicated that they preferred using that technique as the primary method of laboratory instruction for learning human anatomy.
Similarly, in the A&P II course, a significantly higher proportion of respondents from the clay modeling group stated that the laboratory technique helped them better understand concepts on the peripheral nervous system taught in lecture, that there were many relationships between concepts taught in lecture and anatomy involving the technique, that the technique was enjoyable, that the information learned during clay modeling was easily transferable to human anatomy, and that the technique made it easier to learn human nerves. Furthermore, 84% of the respondents from the clay modeling group versus 36% from the cat dissection group indicated that they preferred using that technique as the primary method of laboratory instruction for learning human anatomy.
Finally, in the A&P III course, a significantly higher proportion of respondents from the clay modeling group stated that the laboratory technique helped them better understand concepts on the circulatory system taught in lecture, that the technique was enjoyable, that the technique was fun, and that the information learned during clay modeling was easily transferable to human anatomy. Furthermore, 85% of the respondents from the clay modeling group versus 41% from the cat dissection group indicated that they preferred using that technique as the primary method of laboratory instruction for learning human anatomy. 
Teaching In The Laboratory
DISCUSSION
The goal of this report was to evaluate the efficacy of two different laboratory methods of teaching anatomy to undergraduate anatomy and physiology students: cat dissection and clay modeling. Data presented here showing a comparison of student exam scores covering musculature, peripheral nerves, and blood vessels as well as systems taught using these methods suggest that, overall, both methods are comparable in their effect on student learning of these topics, although students in the clay modeling group did score significantly higher on low-order questions related to peripheral nerves (Table 2) . Students' comparable test scores suggest to us that although dissection is the traditional method of teaching anatomy, similar student learning outcomes can be obtained using clay modeling, at least in an undergraduate setting. Additionally, as shown by the data in Table 3 , these comparable learning outcomes are not dependent on the students' prior exposure to clay modeling, and thus either technique is independently usable.
With this idea in mind, educators can then look at animal dissection and alternatives and make comparisons based on other aspects of the course in which they are used, such as course objectives and students' programs of study and career goals. One advantage of dissection, which cannot be replicated using the clay modeling method, is that organismic dissection allows students to see the total anatomic layout of the organism, with all organs and tissues present at once. Additionally, dissection provides students with an appreciation for the physical nature of the tissues, i.e., the delicacy of connective tissue layers or the pervasiveness of adipose tissue. Students pursuing careers in medicine, especially surgery or radiology, or veterinary medicine will likely benefit from these unique aspects of dissection in their training. Not only do they need the spatial knowledge of anatomy and the skill of dissection, but, as Rizzolo and Stewart (27) pointed out, animal (specifically human) dissection engenders a sense of compassion, empathy, and humility. Anatomy students following other career paths such as Nursing or Allied Health programs, as with students in this study, may not have the same needs for dissection as medical and veterinary students. Our data suggest that alternatives such as clay modeling may be equally valuable and effective in reaching course objectives and helping students attain the knowledge needed.
Waters (31) and Motoike (18) performed similar studies using Manikens and found that students who modeled human muscles in clay scored significantly better on low-order and high-order (Waters only) questions related to muscles. We did not see this effect. One possible reason could lie in the different definitions of a "low-order" question. Motoike (18) did not consider questions on muscle actions to be low order because muscle identification was the only requirement for the pertinent course. In our course, muscle actions were required learning along with identification/location. Thus, our definition of a low-order question may have been somewhat "higher" than that of Motoike's (18) . An additional explanation for the differing results related to low-order muscle questions could be the different methods of testing. Both Waters (31) and Motoike (18) tested students using laboratory practicals involving muscle identification on plastic human models, Manikens (for the clay group), and cats (for the dissection group). In the present study, students were tested on low-and high-order questions simultaneously using written exams rather than laboratory practicals. Diagrams of human anatomy were used as a basis for low-order identification of muscles, nerves, and blood vessels. Finally, the Waters study (31) found that students in the clay group scored significantly higher on high-order muscle questions. These questions represented "novel situations...not meant to reproduce any 'real world' situations," such as muscle identification using cross-sectional and surface anatomy and descriptions of patient injuries (31) . In the present study, high-order questions focused almost entirely on situations students may encounter in a clinical setting or in daily life. Thus, the variations in the types and depth of low-and high-order questions may have contributed to the differing results.
In addition to evaluating the usefulness of animal dissection and alternatives using course objectives and students' career goals, the results of this study indicate that students' perceptions of the value of an educational tool are worth considering. In all three of the courses, according to the Likert-scale surveys administered in this study, significantly more students participating in the clay modeling group indicated that the technique was enjoyable, that the information was easy to learn and transfer to human anatomy, and that they preferred using this technique to learn the anatomic material (Table 4) . Our results are similar to those presented by Oh et al. (21) , where polls administered to students regarding clay modeling for learning cross-sectional anatomy found that, in general, students were satisfied with this method; students based their satisfaction on being able to understand three-dimensional anatomy, active participation, and general interest in making clay models. Oh et al. (21) suggested that student dissatisfaction with using clay modeling may be due to "handcraft difficulties" and to requiring an increased amount of time to build models compared with other students. We saw similar phenomena in that those students who were either perfectionistic about building their clay structures or who had difficulty building with their hands experienced frustration with the technique. These students tended to focus their mental and physical energies on the actual construction process without relating it to anatomy. In the Krontiris-Litowitz studies (12, 13) , students were surveyed regarding their use of manipulatives, including modeling clay, to represent concepts in neuroanatomy and physiology. Although the majority of students involved in these activities found them to be enjoyable and beneficial for learning, they also reported a strong preference for and benefit of group interactions (12, 13) . This could be a contributing factor to the positive student perceptions regarding clay modeling in the present study; although they built the clay structures using their own tools and clay, it was a regular practice that students presented and "taught" their constructed clay anatomy to their classmates.
In the authors' experience, we have observed that Clermont College consists of a wide variety of students having diverse motivations and many nonacademic aspects of their lives (e.g., full-time jobs, children, and financial pressures) in addition to their school work. Other research has indicated these phenomena are not unique to our college (16, 26) . Because of these additional time constraints for our students, which can limit the amount of time spent studying material outside of class, it is critical to establish the most engaging and effective teaching Teaching In The Laboratory tools to provide the best classroom learning environment possible. Our data suggest that both clay modeling and dissection similarly accomplish the goal of giving students a hands-on approach to learning musculature, peripheral nerves, and blood vessels. However, our evaluation of students' perceptions about each of the techniques suggests that clay modeling may provide students with a more enjoyable learning method, further reinforcing its viability as an anatomy teaching technique.
